Although oral antidiabetic drugs (OADs) are the first choice for type 2 diabetes treatment, the progressive nature of the disease will require switching to another OAD. The satisfaction of diabetes patients with current treatment is most unknown. We investigated the primary and sequential care of type 2 diabetes patients in Taiwan to understand the satisfaction of these diabetes patients. We used Taiwan's 2004Taiwan's -2008 National Health Insurance database to conduct a population-based, retrospective cohort study. The prevalence of diabetes in Taiwan increased from 3.95% to 4.45% from 2004 to 2008. The one-year annual incidence density was 1.04% to 1.11% from 2005 to 2008. The most frequent medication used in the primary care of type 2 diabetes patients was metformin (80.4%). During the study period, 79.3% of patients who used alpha glucosidase inhibitor modified their medication, and most of them switch to metformin as their second medication. Most patients who used metformin (76.8%) as their initial OAD maintained their metformin treatment after 720 days. Our analysis suggests that there is a significantly higher adherence rate in new diabetes patients that receive metformin treatment. The low rates of discontinuation of metformin may also suggest that approximately 80% of the patients are adequately treated over longer periods.
Introduction
It is well known that the number of individuals with type 2 diabetes is increasing rapidly, and disease onset is occurring at progressively earlier ages [1] . The American Diabetes Association (ADA) estimates that that more than 25.8 million U.S. adults aged 20 years or older had diabetes in the year 2010 [2] . Diabetes is associated with comorbid disease states, so diabetes management has become ubiquitous in primary care [3] . This situation is a serious challenge, because the disease-related complications can tax the health-care system and increase the economic burden. Most patients begin treatment with diet and exercise changes or incorporate them into their treatment regimen. Although lifestyle intervention is the cornerstone of successful management for diabetes patients, the glycemic control in these patients is typically lost over time. As a result, most patients require continual treatment intensification with the use of oral antidiabetes agents (OADs) and often require insulin therapy.
It is important both to consider the individual's current situation when initiating pharmacotherapy, and to evaluate how they might achieve glycemic goals and additional benefits, such as improving other metabolic parameters or achieving long-term maintenance of glycemic control. A range of therapeutic classes of OADs, as well as insulin, which target different metabolic pathologies, are used to treat type 2 diabetes. Currently, there are five distinct classes of hypoglycemic agents available, with each class displaying unique pharmacologic properties. These classes are the sulfonylureas, biguanides, thiazolidinediones (TZD), alpha-glucosidase inhibitors and other blood glucose lowering drugs. Biguanides have been in use for many years, and metformin is the most important one in this antidiabetic class [4, 5] . Metformin works by reducing hepatic glucose output and enhancing insulin sensitivity in hepatic and peripheral tissues. Metformin has been shown to reduce HbA1C by approximately 1.5%, and FPG levels, as well [4, 6] . Metformin also has been shown to decrease mortality and death from any cause independent of long-term glucose control [7] . Sulfonyurea monotherapy also effectively lowers HbA1C by approximately 1-2%, and reduces fasting blood glucose [8, 9] . Metformin and sulfonyureas have formed the backbone of OADs, and in more recent years, the TZDs have provided an increasingly significant component in UK [10] . Other classes of OADs have no major impact in most countries.
The American Diabetes Association and the European Association for the Study of Diabetes (ADA/EASD) have released a consensus algorithm for the initial management and the adjustment of therapy, as a guide to the treatment of type 2 diabetes [11] [12] [13] . The algorithm describes a stepped-care approach to treat the elevated levels of blood glucose and HbA1C. If medication is needed, this guideline recommends metformin as initial pharmacotherapy for type 2 diabetes, with an expected reduction in HbA1C of between 1.0% and 2.0% [12] . For patients unable to maintain their HbA1C goals, further choices include the addition of sulfonylurea, pioglitazone, GLP-1 agonist or the initiation of basal insulin to lifestyle changes and metformin. Although initial therapy is aimed at increasing the basal insulin supply, usually with intermediate or long-acting insulins, patients may also require prandial therapy with short or rapid-acting insulins [14] .
Since the objective of the pharmacological treatment in T2DM is to control glycaemic parameters in order to minimize the risk of longterm complications, the better compliance for the initial treatment may associated with better outcome. In this study, our goal was to determine whether the real-world OAD prescription in Taiwan follows the ADA/EASD algorithm and to understand OAD modification with different initial medications. We hypothesized that the sulfonylureas, TZD, alpha-glucosidase inhibitors and other blood glucose lowering drugs may be appropriate choices only in selected patients, and in most patients, these agents were not recommended as initial OADs. If Patients prescribed with these agents as their initial OAD, their medication will be modified quickly. To test this hypothesis, we used data from a medical claims database to estimate the OAD prescription every three months and then analyzed the sequential OAD usage in different treatment groups.
Materials and methods

Data source and patient definition
This was a retrospective cohort study using the claims records Those with a duration between first ICD-9 250 coding and an insulin prescription of less than 14 days were defined as type I diabetes and were excluded. The age and gender of the patients were also evaluated.
Assessment
The primary observation variable was the first OAD used by new type 2 diabetes patients. The medications used to treat diabetes were in accordance with the Anatomical Therapeutic Chemical (ATC) classifications [15] . OAD (A10B) usages were monitored in these patients. The OAD were categorized into five distinct classes, sulfonylureas, metformin, thiazolidinediones (TZD), alphaglucosidase inhibitors and other blood glucose lowering drugs. A consensus statement from the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) recommends that metformin therapy (in the absence of contraindications) be initiated, concurrent with lifestyle intervention, at the time of diabetes diagnosis [12] . In patients with contraindications to metformin, the ADA/EASD consensus guideline suggests either insulin or a sulfonylurea [12] . We classified OAD used in five groups: (i) Metformin-based therapy (ii) sulfonylureas-based therapy (iii) TZD monotherapy (iv) alpha-glucosidase inhibitors monotherapy (v) other blood glucose lowering drugs monotherapy. We recorded the initial OAD used by the type 2 diabetes patients and their modification every six months.
Data analyses SAS 9.1 (SAS Institute Inc., Cary, NC) was used for the data analyses. The variable measures were identified based on the criteria described above. The frequency/percentages were used to describe categorical variables, respectively.
Results
Sample description
In this original claims database of 1,000,000 beneficiaries, the cumulative prevalence of diabetes in Taiwan had increased from 3.95% (Table 1) . Data showed that 50.12% of diabetes patients were female and 49.88% were male. The mean age at first diagnosis of diabetes was 58.7 (female 59.5; male 57.8). Our results showed that the incidence was highest in the age group of 45-59 years (36.7%), and then 60-74 years (30.9%), and lowest in the age group of 0-14 years (0.4%).
Patterns of drug prescribing
Of these new diabetes patients (n = 32,329), 17,750 (54.9%) patients used OADs (Table 2 ). Among the OADs used to treat diabetes patients as the initial pharmacotherapy, metformin-based therapy (n = 14,254, 80.4%) was the most commonly prescribed, followed by alphaglucosidase inhibitors monotherapy (n = 1,320, 7.4%), sulfonylureasbased therapy (n = 1,012, 5.7%) and TZD monotherapy (n = 660, 3.7%) ( Table 2 ).
Medication change
We checked the OAD medication every six months after the patients had received their initial OAD treatment. Only 14% of patients with initial Metformin-based therapy switch to alpha glucosidase inhibitors (1.6%), sulfonylureas (4.3%), TZD (6.6%) or other glucose lowing agents (1.5%) to their medication after six months of treatment (Table 3) . After two years of treatment, 76.8% of patients still used the initial metformin-based therapy, and 23.2% of patients switch to alpha glucosidase inhibitors (2.9%), sulfonylureas (5.8%), TZD (10.6%) or other glucose lowing agents (3.9%). In the TZD monotherapy groups, about half (59.8%) of the patients did not change their initial medication after two years of treatment. In the alpha glucosidase inhibitors and sulfonylureas-based therapy groups, less than 25% did not modify their initial medication after two years of treatment (20.3% for alpha glucosidase inhibitors and 23.9% for sulfonylureas-based therapy).
Discussion
This study is one of few retrospective studies examining the initial therapy for diabetes patients by using a national sample in a non- Western country. Using a large nationwide health insurance database, we found that OAD prescription in Taiwan follows the ADA/EASD algorithm, and most new diabetes patients receive metformin-based therapy as their initial OAD (80.4%). Besides blood glucose lowering and HbA1c control, another goal of the ADA/EASD algorithm was to enhance adherence. After a successful initial response to oral therapy, patients failed to maintain target A1C levels (<7%) at a rate of 5-10% per year [16, 17] . Our analysis suggests a significantly higher adherence rate for new diabetes patients receiving metformin-based therapy (after two years of treatment, metformin 76.8% vs TZD 59.8%, alpha glucosidase inhibitors 20.3% and sulfonylureas-based therapy 23.9%). The low discontinuation rates of metformin-based therapy may also suggest that approximately 80% of the patients are adequately treated over longer periods. Our analysis was consistent with that of recent studies [18] [19] [20] . These findings provide additional valuable information to clinicians, patients and the public regarding the adoption and safety of metformin as an initial medication for new diabetes patients.
In this study, almost half of the patients used TZD as their second medication when initial metformin therapy failed. Einhorn et al. found that the introduction of pioglitazone to patients with type 2 diabetes poorly controlled on metformin alone achieved a greater reduction of HbA1c and fasting plasma glucose levels [21] . TZD may be the most appropriate option for patients when hypoglycemia is to be avoided; this was also suggested by Nathan, et al. [22, 23] The efficacy of TZDs in improving glycemic control, as measured by a reduction in HbA1c and fasting plasma glucose levels, has been well established in several placebo control studies [24, 25] . Although patients receiving rosiglitazone therapy were at higher risk for cardiovascular events than those receiving metformin therapy, 3.7% of new diabetes patients still received TZD as their initial OAD in our study, similar to the results of other studies [12, 20] . Patients who received TZDs as their initial OAD also had higher adherence rates than those receiving alpha glucosidase inhibitors and sulfonylureas-based therapy (Table 3 ). In patients with contraindications to metformin, the 2009 ADA/EASD recommended against the use of pioglitazone, rather than rosiglitazone, owing to concerns regarding safety and the availability of alternative therapies [22] . Pioglitazone may be considered in patients who have specific contraindications to sulfonylureas or those with lower initial A1C values.
There are several limitations to claims-based analyses, such as the incomplete nature of the data and the possibility of coding errors or coding omissions. First, the present study, based on a claims dataset, lacked detailed patient medical record information to validate the data, and lacked clinical information on HbA1c results that would allow us to assess disease control. Another limitation is the time lag in obtaining the NHIRD, since NHRI needs nearly one year to update the claims database. At the time we applied for the BNHI database, only data for years 1996 to 2008 were available, so year 2008 was the last year we could use to analyze the initial OAD used in new diabetes patients, and we were unable to observe the impact of the ADA/EASD guidelines published in 2009. GLP-1 receptor agonists and Sodium glucose cotransporter 2 (SGLT-2) inhibitors are two types of new T2D Pharmacotherapy [13] . Although they are used for diabetes treatment for several years around the world, we are unable the check their usage due to the BNHI database which we applied is year [2004] [2005] [2006] [2007] [2008] . Even in year 2009, the DPP4-inhibitors prescription used as monotherapy is only about 0.52% [5] . We will use the most update data to study these new OAD in further study.
Results from this study suggest that physicians generally adhere to T2D ADA/EASD guidelines for initial OAD medication. Since the OAD modification pattern was low in patients with initial metforminbased therapy, these results suggest that approximately 80% of patients are adequately treated with metformin-based therapy during two years of treatment. Many patients change in initial OAD therapy is observed Table 3 . The modification of OAD treatment in the new diabetes patients.
